Background The aim of the present study is to evaluate the C-reactive protein (CRP) levels pre-operatively and post-operatively following a surgical intervention of mandibular fracture with osteosynthesis by rigid fixation using AO/ASIF principles and to try and correlate the prognosis of the convalescent period. Methods Twenty five patients with trauma were surgically treated. The blood samples are collected pre-operatively, immediate post-operatively, after 24 h and on the seventh post-operative day. Results The CRP levels were high pre operatively due to body's initial response to trauma. An increase was noticed immediately after the surgery (mean value 1.96 ± 0.56 mg/dl). After 24 h of surgery, CRP levels were raised markedly (mean value of 2.3 ± 0.58 mg/dl). On the seventh day after the surgery CRP levels were significantly decreased to attain normal level (mean value of 1.58 ± 0.52 mg/dl), indicating normal healing at the surgical site. Conclusion In cases of patients with mandibular fracture the CRP concentration increases directly after the trauma and the surgical procedure. Then it undergoes a gradual normalisation which ensures non complicated healing post operatively.
Introduction
Maxillofacial surgeons routinely encounter patients with facial trauma. In maxillofacial trauma, mandibular fractures alone accounts to 61% of all fractures. The sequel of a mandibular fracture will invariably lead to swelling which may be just an inflammatory response or as a result of infection, prior to treatment or post treatment. This makes it difficult for a surgeon to differentiate between the two. There are many laboratory investigations to evaluate the prognosis of healing. Routinely inflammatory markers are measured in frozen serum using standardized assays like interleukin (IL-6), Tumor necrosis factor (TNF), C-reactive protein (CRP), and soluble receptors (IL-2 sR, IL-6 sR, TNF sR1 and TNF sR2). Bacterial markers including white blood cell (WBC) count, absolute neutrophil count (ANC) and CRP estimations are considered. But off late, CRP is gaining importance.
C-reactive protein is an acute-phase protein synthesized by the liver in response to a number of stimuli that involve tissue damage. Trace amount of CRP is present in healthy people in the blood serum [1, 2] . Stimulation of macrophage caused by tissue damage is necessary for CRP synthesis [3] [4] [5] . Interleukin 6 (IL-6) is the most important factor that stimulates CRP synthesis as well as all other acute phase proteins [5, 6] . Interleukin 1 (IL-1) and tumour necrosis factor (TNF-a) stimulate macrophages, monocytes, fibroblasts, endothelium cells and others to produce IL-6 [6] [7] [8] . CRP in the organism performs a defensive and reparative role [2, 3, 9, 10] .
Bacterial infection is a particularly potent stimulus with marked elevation in serum CRP levels occurring within a few hours. Infection elicits a powerful inflammatory response, both locally and systemically, with chemotactic cytokine release into the circulation.
C-reactive protein appears in the plasma as early as 2 h after the trauma and it reaches its peak 48-72 h after the injury. In non-complicated cases it returns to normal after 6-7 days [7, 9] . Its value decreases gradually; it rises, however, when the healing is interrupted by a bacterial infection. Fractures of the facial skeleton are in danger of infections with bacterial flora present in the oral cavity. The anti-bacterial prophylaxis which is routinely administered may be terminated when plasma CRP level normalizes. This avoids prolonged antibiotics therapy and its sideeffects [11] .
The aim of the present study is to evaluate the CRP levels pre-operatively and post-operatively following a surgical intervention of mandibular fracture with osteosynthesis by rigid fixation using AO/ASIF principles and to correlate the prognosis of the convalescent period.
Methods
Twenty five patients were treated for mandibular fracture due to trauma with osteosynthesis by rigid fixation using AO/ASIF principles. With the clearance from the ethical committee, CRP concentration was determined pre operatively, immediate post operative, after 24 h and on the seventh post operative day. The patients were in the age group of 12-50 years. During the hospitalization period all patients received antibiotics as prophylaxis, mainly from the cephalosporin group. Patients with malnutrition, endocrinological, immunological ailments and with hepatocellular or cardiovascular system damage were excluded from the measurements. The time interval between the occurrence of trauma and the surgery ranged from a period of 2 to 38 days. In these, surgical procedures conducted were either intra-oral or extra-oral. Intra-orally, 19 cases and extra-orally, 5 cases were carried out. In one case both approaches were utilized, but this is considered under the extra-oral procedures in our analysis. The duration of surgery ranged from 15 to 150 min.
The criteria for the diagnosis of post-operative wound infection were those used by the National Research Council [12] of USA who defined POWI as ''the presence of pus in a wound which has either discharged spontaneously or has to be released by the removal of sutures or reopening the incision'' [13] [14] [15] [16] [17] .
Materials Used
• Reagent (Dr. Reddy's Laboratory reagents)
• C-reactive protein antibody Solution containing goat anti human CRP (0.9 mg/ ml) and sodium azide (0.09%) pH 7.0.
• C-reactive protein buffer Solution containing phosphate buffer (120 mmol/l) and sodium azide (0.09%) pH 7.5.
• C-reactive protein standard Serum (Human) containing sodium azide (0.1%).
• Auto analyzer equipment.
The cubital fossa was cleansed with antiseptic solution and venipuncture was done. A 23 gauge needle was used to draw 3 cc of blood without tourniquet stasis. Contracted clot is centrifuged at 4000 rpm for 20 min at 4°C and serum was gently pipetted off into a clean tube using a glass pasteur pipette. Samples were analyzed by auto analyzer method. Serum collected was mixed with buffer and antibody. CRP in the sample combines specifically with anti-human CRP in the reagent to yield an insoluble aggregate that causes increased turbidity in the solution.
The degree of turbidity of the solution was measured optically which is proportional to the amount of CRP in the patient's sample.
Results
In our study, the patients were in the age group of 12-50 years, with a mean age of 29.6 ± 9.5 years. The time interval between the occurrence of trauma and the surgery ranged from a period of 2 to 38 days, with a mean of 9 ± 8 days. The duration of surgery ranged from 15 to 150 min, with a mean range of 40 ± 32 min. The CRP levels were slightly high when the patients were hospitalised. An increase was noticed immediately after the surgery to 1.96 ± 0.56 mg/dl, which is considered to be normal mechanism of the body. Twenty four hours after the surgery CRP levels were raised markedly (mean value of 2.3 ± 0.58 mg/dl). On the seventh day after surgery, CRP levels were significantly decreased to attain normal levels (1.58 ± 0.52 mg/dl), indicating abolition of inflammation and normal healing at the surgical site (Tables 1, 2, 3; Fig. 1 ).
Discussion
C-reactive protein was discovered in 1930 by Tillett and Francis [18] , as they were investigating serological reactions in pneumonia with various extracts of pneumococci and observed a non-specific somatic polysaccharide fraction, which they designated as ''Fraction C'', which were found to be precipitated by the sera of acutely ill patients.
After the crisis the capacity of the patient's sera to precipitate C-polysaccharide (CPS) rapidly disappeared and the C-reactive material was not found in sera of normal healthy individuals.
Avery et al., characterized the C-reactive material as a protein which required calcium ions for its reaction with CPS and introduced the term 'acute phase protein' to refer to sera from patients acutely ill, with infectious diseases, which contains the CRP.
Iizuka [9] , studied 80 patients, who underwent treatment for mandibular fractures with osteosynthesis by rigid fixation using AO/ASIF principles noticed the pre-operative CRP values of 28.5 mg/l and it reached maximum of 73.2 mg/l on the second day of the surgery. Fig. 1 Graph showing mean changes in C-reactive protein level
In our study, CRP levels were increased at the time of hospitalization (mean value 1.56 mg/dl). This may be due to trauma or both trauma and infection. Just before the surgery, CRP levels were comparatively decreased (mean value 0.3 mg/dl), which may be attributed to administration of antibiotics. Post operatively, after 24 h of surgery, CRP levels were raised markedly (mean value 2.30 ± 0.58 mg/ dl) even though administration of antibiotics was maintained which may be due to surgical trauma. On the seventh day, CRP levels decreased indicating normal healing at the surgical site. These results correlated with the study of Iizuka [9] . Also, Werner [19] demonstrated that the levels of b globulins, including CRP, were raised in serum after initial trauma. He also reported that elevated levels of b globulins and CRP were due to surgery. Our study concurs with this study of Mario Werner where in CRP levels increased in response to trauma as well as surgery.
It is difficult to differentiate a post-surgical inflammatory and infectious condition, even though clinical signs are the same. So CRP as a prognostic tool is a reliable exponent of the regularity of ossification and reparative processes. In the conditions of correct bone fusion its value is low; it rises, however, when the healing is interrupted by a bacterial infection. Fractures of the facial skeleton are in danger of infections with saprophytes and pathological bacterial flora present in the oral cavity. The perioperative anti-inflammatory prophylaxis which is routinely administered may be terminated when plasma CRP level normalizes, thus preventing prolonged antibiotic therapy and its side-effects [11] .
Schentag et al. [20] , noted that patient with abdominal sepsis who could not be treated by antibiotics alone and needed surgery and antibiotics had a higher CRP level preoperatively indicating infection. CRP levels rose after surgery and reduced to normal after the seventh post-operative day indicating normal healing at the surgical site. In the present study, CRP levels rose after surgery due to surgical trauma. Normal CRP levels after the seventh day postoperatively indicating normal healing at the surgical site.
Mayer et al. [21] , stated that CRP levels predicted exacerbation and severity of acute pancreatitis before appearance of clinical signs and symptoms. In the present study, since we did not come across pre operative or post operative infection in the study population, hence we could not estimate the CRP levels in infected cases. So, further research is needed in infected cases.
The CRP is one of the most important defensive proteins that take part in the nonspecific immunity mechanism as a result of the acute phase response. In the course of the acute phase response in patients with mandibular fractures, the CRP concentration increases directly after the trauma and the surgical procedure, but only to values slightly higher than the normal CRP level in blood serum. Then it undergoes a gradual normalization in the course of noncomplicated healing.
The above study gives an impression that an estimation of CRP levels helps us to confirm the normal healing pattern and thereby enable us to alter the further treatment protocol of the patient if necessary, so as to prevent the occurrence of the post operative complications.
The estimation of CRP level though cannot be said as the only parameter for assessing the prognosis of the disease, but it certainly gives an indication of healing. Also as the CRP levels normalize, administration of antibiotics can be terminated, which prevents prolonged usage of antibiotics and its side effects.
